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" The authors have concluded in -the -previous

reports that rotenone inhibits the respiration of

perve and muscle in. insects, and the inhibition
of the respiratory metabolism is partly due to the
inhibition of the glutamic dehydrogenase activi-
ty:®. It was also found in rotenone and its
derivatives that a close correlation exists between
the in vivo toxicity against insects and the degree
of the inhibition . of glutamic dehydrogenase in
insect muscle®. o

Although the role of glutamic dehydrogenase
in cellular respiration is not known in insects, it
is more fully demonstrated in the brain of
mammals. The present study was therefore
undertaken with the purpose of determining
whether rotenone and its derivatives inhibited the
homogenate ‘respiration with or without succinate
i z.mdv_the glutamic dehydrogenase activity from the
brain of the guinea pig. R
. The authors wish to thank Assist.
Yamasaki and Mr. T. Narahashi of the Faculty

* Present address :

Prof. T.

National Institute of Agricultural Sciences, Nishigahara, Tokyo.

of Agriculture, University of Tokyo for ‘their -

" guidance during the course of this work.

Materials and Methods

L

All animals used were male guinea pigs weigh-
ing approximately 250 g.
Measurement of oxygen consumption of brain

- homogenate : Experiments were carried out using .

the Warburg manometers at 37°C, The animals .

, were killed by decapi’tati'on. A brain (1.5g ) which

contained cerebrum, cerebellum and medulla ob-
longata was homogenized with five times as much
as volume of phosphate buffer (1/15M, pH7.4)
as the brain and filtered through gauze. These
procedures were carried out at 10°C. Flask contents
1/15M phosphate buffer (pH
7.4) 1 2m1 substrate 0.4 ml (final concentration,
0.033 M), homogenate 1.3m1,/ distilled water
0.7ml or distilléd -water 0.3ml.plus inhibitor
0.4ml. .o

Measurement of oxygen consumption by the

were as follows :
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mxtochondnal fraction of brain: Expenments
were carried out usmg the \Varburg manometers
.at 37°. The brauns sxmxlar to those used in the
.homogenate expenments were employed as t_he
source of. mltochondnal fraction. The mitochon-
dnal fraction was 1solated by a shght modifi-
~ cation _of the techmque already reporteds’ About
6g.of the brains obtained from 4 male guinea pigs
were homogenized with 50ml of a solution
containing 0.02 M substrate, 1/15M phosphate
buffer (pH 7.2) and 0.25 M sucrose. The result-

ing brei was filtrated through three layers of -

surgical gauze. On centrifuging the filtrate for 5
minutes at 500X g, the precipitate was' discarded.
" The supernatant was centrifuged for 15 minutes at
10000 xg. The precipitate was resuspended in 13 ml
of a solution containing 0.02 M substrate,‘ 0.02M
phosphate buffer (pH 7.2) and 0.9 25 KCl, and
centrifuged for 5 minutes at 8000x g. The precipitéte

_was resuspended in 5ml of a solution’ containing

0.02M substrate, 1/50 M phosphate buffer (pH
7.2), 0.925 KCl and 10"5M cytochrome c, and the

_suspension was taken as the mitochondrial fraction .

for the measurements of oxygen upta.ké. The final
"pH of the suspension was 7.1-7.2. The pH of
_the brain homogenate was adjusted over 7.0 by
édding 0.2 M tris (hydroxymethyl) aminomethane
buffer (pH 9.0) during the isolation of the mito-
chondrial fraction. . The. whole procedures were
carried out at 0 to 3°C. _

" Rotenoids *tested were as follow : rotenone,
krotex;o]one-l, dﬁ'hydro-rotenone and . dehydro-
rotenone. The chemical structures of these com-

pounds were shown in the previous report®.
* Results

At first, ‘the in -vitro effect of rotenone on the
oxygen uptake of the homogenate with or without
-succinatz wore examxned The results are shown
in Table 1. Rotenore inhibited ‘the endogenous
oxygen uptake, but did not inhibit the oxygen
uptake in the -presence of - succinate. Similar

experiments using the insect homogenate? are also
v 'shown in Table 1 for comparison.' It can be seen
that - there is:nq ‘substantial difference between
~ insect and mammal. )

Next, the in vitro effects of rotenone and its
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Table 1. In wvitro effects of rotenone on the
O: uptzke of the homogenates of insect muscle.
and guinea pig brain with or without succinate.
Final concentration of rotenone, 5x10"% M.

Per cent ihhibition of Og uptéke

Guinea pig brain) Insect. muscle®
Endogenous 79 5.
With succinate . 6 9.

Table 2. In vitro effécts of rotenone and its
. derivatives on the O: uptake of the mitochon-
drial fractions of insect muscle and guinea
- pig brain in the pr‘esen;:e of I-glutamate, * ~

Per cent inhibition

. : * Final
) ) ; . of Qg uptake
Cémpoind concczz;/tlr)anon Guinea pig| Insect™
: brain muscle -
-5
Rotenone ‘ :118_6 ' 3 gg
Dihydro- - ’ l
> rotenone ' m . R
RotenILolon_e- 107 " . 34 - 75 ‘
. “ -Rot%riologef ‘ 10-5 - .6
Dechydro- : -5 o
rotenone 10 l +18. e “ :

derivatives on the oxygen uptake of the mito-
chondrial fraction in the presence of I-glutamate
were examined. The results are shown in Table 2,
Rotenone, dihydro-_rotenbne - and 'rotéqolone-I
inhibited - the dehydrogenase, ~ but
dehydro-rotenone did not. Similar experiments

glutamic

using insect muscle® are also shown in that table
for comparison. It can be seen that a similar
tendency holds for both insect and mammal.

Discussion

dihydro-

rotenone and dehydro-rotenone in guinea pig are

 The lethal dosages of ioténone,-_

of the same order as those in msects as shownv
in Table 3.

‘It has been shown that in the mammahan brain
t_here is a' close correlation between the content
of I-glutamate and’ nerve function, "é.nd that
l-glutzimate is the only amino acid to be oxidized
in the brain and is found in the brain in greater
a.mount ‘than in any other organs®®. Since a
change in the ratio I- glutamate to o-ketoglutarate
is usua]ly followed a _by change in proportion of
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Table 3. Relatwe toxicities of rotenone and
.its derivatives.

.- o <1110, o Azuki* |~ . g

Componnd | JEE AT bean (CHiEeR
Rotenone - 100 | 100 | 100-| 100
Dihydro-rotenone | 33 ° — 70 40
Rotenolone-I ] - —_ 50 —_
Rotenolone-II .| — —_ 0 —
Dehydro-rotenone'|. 0.15 ° 0 0 0

* Fukami ez al. (unpublishecl data)

" TCA cycle constituents, I-glutamic dehydrogenase
which controls this ratio might play an important
role in the -regulétion of respiration”, Takagaki ez
al.’ found that the formation of ammonia in
the brain cartex depends upon the oxidative de-
amlnatidn of l-glutamic acid, and that more than
half of endogenous oxygen consumption is related
to a decrease of ]-glutamic acid content. These
facts point out that the important substrate in the
endogenous oxygen consumption of the brain
cortex is glutamic acid. Therefore, it can be

supported that the death of guinea pig by rotenone .

mtoxxcanon is related to the inhibition of cellular

respxranon in the- bram, and that tlus is ma.mly

Table 4. Companson of respuatory metabollsm
mammal and insect.

#—N o
due to the inhibition of I-glutamic deh’ydreigenasé.'
On the other hand tl\lere is few -available evi-
dence - indicating ' the - correlation - between " I-
glutamate and nerve function in insects. "The
authors found that the content of I-ghitamate in
the cockroach™ nerve cord is great as. co,rllpared
with other free amino acids and that l-glutammate
is utilized very much in the nerve cord®.  Tanaka
et al.1» also pointed out the high amount of I-
'glutemate in the ganglia of the silkmoth and of

. the silkworm.

" The ‘results obtained so”far on the effccts’ of
rotenore intoxication on cellular respiration to-
gether with the role of / -glutan{ate are summarized
in Table 4. It is probable that I-glutamic dehydro-
genase plays an important -role in the regulation
of respiration in insect as well as in mammalian
brain, and hence the" mhxbmon of lglutaxmc
dehydrogenase plays a major part ‘in respiratory
inhibition by rotenone in insect nerve as well as

_in mammalian brain.

-, . ) Summary

The effects of rotenone and its derivatives on
cellular respxratxon of the bram of gumea pig

and degree of its inhibition by rotenoides between

Insect .
- Mammal " Reference
Nerve Muscle Brain '
; lgzlt(;l:)ligal_fuqcnon of Unknown l:.Jnknown. Almoét known| (11) »
Utilization of l-glutamate +++ + 4+ “+4+ . [ (B), (9), .(13) .
The content of I-glutamate + 4+ + ++F 2), (5), (9), (12), (13)
. Inhibition by rotenone (in vitro) .
Endogeﬁous, Tor H + . + St . (3), (4), Present work
Succinate oxidation, T or H - - - (8), Present work
M ' - ' (5) ’
L-glutamate oxidation, T T+ o - (5) .
‘ : M + B (5), Present work
The corn;la.tim;lbl')etween"the : ) o
gff::;h& c:;}alatlggnan?lf tllxe " Correlation Correlation (6), Present work
relative toxicities by rotenone R exists exists o
and its derivatives . )

_T : TTC reaction, H : Homogenate, M : Mitochondrial fraction, + : Presence, —

: Absence
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B ot #®
have been éxamined, *

The oxygen ‘uptake of the homogenate vuthout
substrate was inhibited by ‘rotenone, but it was
not inhibited when succinate was added.

“When l-glutamate was added as substrate, the

" . oxygen uptake of the mitochondrial fraction of -
_ brain was seriously inhibited by rotenone,

Dihydro rotenone and rotenolone-I were effec:
tive in depressing. I-glutamate oxidation, . but
dehydro -rotenone was ineffective.

These results are the .same as those obtained .
in insects which have been reported previously.
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phite ©A 1V 74 /{bA%&DﬁﬁbﬂfimiCoL\Tﬁfﬁ viz.

, dialkyl dithiophosphoric acid % ¢ dialkyl hydrogen phos-

Dialkyl dlt.hmphosphonc acid 17

T Ya=1 Yo (VI) /,/anv\./ﬁ'J;/ svruoRrvEOS v (X) ZRmUTRLAHET S
. dxﬂnophosphat’* (V, VII, VIII, IX) 254 %. ASEORMNEG% dialkyl hydrogen phosphite

CROWTHRA, VI X hRHEET phosphonate (XI, XII) 281208,

EBT R oI

Mel'nikav et alb. prepared man); dxalky1>d1t}'uo-
phosphoric acid esters by addition of - dialkyl

dithiophosphoric acxds to olefinic compounds Gar

et al®. evaluated their biological properties, and

found that dithiophosphates derived from acrylo--

nitrile - or diethyl fumarate were ‘the most

effective. . Dithiophosphate obtained from dxethyl-

fumarate and dimethyl dxthxophosphonc acxd, is
an excellent insecticide known as the trade name

- Part I : Botyu-Kagaku, 23, 115 (1958).
%% Kozu, Odawara, Kanagawa ken.

X X hRBAUAREE C

*Malathion”3:9,

Gar et al. tested b1ologxca1 properties of di-

' t}uophosphates only against Calandra oryzae. It

seemed to us to be interesting if .dialkyl B-

.cyanoethyl dithiophosphates, prepared by cyano--

ethylation of dialkyl dithiophosphoric acids, would

' have the similar biological properties to those of-

Malathion, which had low toxicity to mammals
and specific effects against aphids, mites and:

green rice leafthoppers. Hence we preparcd some

" dithiophosphates derived from’ acrylonitrile, espe-

’



